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(54) THIN FILM TRANSISTOR AND MANUFACTURING METHOD THEREOF 



(57)Abstract: 

PROBLEM TO BE SOLVED: To solve problems that, when a single layer of a 
silicon nitride film is used as the ground, a level of an interface increases and 
element characteristics are deteriorated and that, when a ground film is an oxide 
film formed by a PE-CVD method, the level of the interface also increases, since 
the film contains many defects and impurities, and the element characteristics 
are deteriorated. 

SOLUTION: As to the problem that the levels of the silicon nitride film and the 
interface of a semiconductor thin film are increased, the surface of the silicon 
nitride film is oxidized to make the surface portion be a silicon oxy-nitride film. As 
for the problem due to the defects and impurities of the silicon oxide film formed 
by the PE-CVD method, the silicon oxide film obtained by oxidizing a silicon thin 
film is used. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The insulator substrate protective coat which it is the thin film transistor 
currently formed on the insulator substrate with a thermal resistance of 650 
degrees C or less, a thin film transistor consists of a semi-conductor thin film, 
gate dielectric film, and a gate electrode at worst, and the insulating-substrate 
protective coat of one layer is formed at worst between said thin film transistors 
and insulating substrates, and touches the semi-conductor thin film of a thin film 
transistor is a thin film transistor characterized by being the silicon oxide which 
oxidized the silicon thin film. 

[Claim 2] Oxidation according to claim 1 is the production approach of the thin 



film transistor characterized by carrying out in the ambient atmosphere which 
contains a kind of gas at least among oxygen, a steam, ozone, plasma oxygen, 
N20, NO, a hydrogen chloride, and chlorine. 

[Claim 3] For the semi-conductor thin film from which at least a part constitutes a 
thin film transistor, the silicon oxide which touches a semi-conductor thin film in a 
thin film transistor according to claim 1 is a thin film transistor to which it is 
characterized by being in contact with the silicone film of a different layer. 
[Claim 4] It is the thin film transistor currently formed on the insulator substrate 
with a thermal resistance of 650 degrees C or less. A thin film transistor It 
consists of a semi-conductor thin film, gate dielectric film, and a gate electrode at 
worst. Between said thin film transistors and insulating substrates The insulating- 
substrate protective coat which the insulating-substrate protective coat of one 
layer is formed at worst, and touches the semi-conductor thin film of a thin film 
transistor It is the thin film transistor which is silicon oxide and is characterized by 
the element concentration of the carbon in some [ at least ] fields of silicon oxide, 
a fluorine, or the hydrogen being three or less 1x1018-/cm preferably three or 
less 1x1019-/cm. 

[Claim 5] An acid silicon nitride film is a thin film transistor to which it is the thin 
film transistor currently formed on the insulator substrate with a thermal 
resistance of 650 degrees C or less, a thin film transistor consists of a semi- 
conductor thin film, gate dielectric film, and a gate electrode at worst, the 
insulating-substrate protective coat of one layer is formed at worst between said 
thin film transistors and insulating substrates, and an insulating-substrate 
protective coat is characterized by being the acid silicon nitride film with which it 
oxidized and the front face was formed after silicon nitride film formation 
including the acid silicon nitride film. 

[Claim 6] Oxidation of a silicon thin film according to claim 1 or 5 and a silicon 
nitride film is the production approach of the thin film transistor characterized by 
carrying out by the approach of heating the gas of an oxidizing quality and 
spraying on a silicone film and a silicon nitride film. 



[Claim 7] Claims 1-6 are the thin film transistors characterized by including the 
oxide film which some gate dielectric film [ at least ] oxidized the semi-conductor 
thin film which forms a thin film transistor in the thin film transistor of a publication, 
and was obtained either. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the polycrystalline 
silicon thin film transistor (low-temperature poly-SiTFT) produced at a suitable 
low-temperature process (650 degrees C or less) to constitute the driver for 
image display devices, and its circumference circuit with respect to a thin film 
transistor. 
[0002] 

[Description of the Prior Art] the structure of the thin film transistor for the 
conventional liquid crystal displays (LCD) -- an insulating-substrate top - a 
silicon nitride film or an oxidation silicone film -- CVD (Chemical vapor deposition) 
- it is common to use as diffusion prevention film which forms by law and 



controls the impurity diffusion from a substrate. Generally in low-temperature 
poly-SiTFT, as for the CVD method in this case, PE-CVD method is used. 
[0003] 

[Problem(s) to be Solved by the Invention] There are the following technical 
problems in the above-mentioned conventional technique. When a substrate is a 
silicon nitride film monolayer, the diffusion prevention effectiveness is enough, 
but since the semi-conductor layer of TFT touches silicon nitride, the level of an 
interface increases and there is a problem to which a component property 
worsens. Moreover, when the substrate film which touches a semi-conductor 
layer is an oxidation silicone film, since the oxide film formed with PE-CVD 
method contains many defects and impurities, there will be much level of an 
interface too and a component property will worsen. Since especially the 
oxidation silicone film formed by PE-CVD contains carbon, a fluorine, many OH 
radicals, and much H20, it has the problem which cannot control the threshold 
electrical potential difference of TFT easily that the property of TFT tends to 
deteriorate. 
[0004] 

[Means for Solving the Problem] The above-mentioned problem is solved by the 
following means. First, about the problem that there is much level of a silicon 
nitride film and a semi-conductor thin film interface, a silicon nitride film front face 
is oxidized and it can solve by using a surface part as an acid silicon nitride film. 
Moreover, about the problem resulting from the defect of the oxidation silicone 
film formed with PE-CVD method, and an impurity, an oxidation silicone film is 
not formed with a CVD method, but it can solve by using the oxidation silicone 
film which oxidized the silicon thin film. Moreover, it is effective to oxidize by 
controlling a substrate temperature rise by spraying the heated gas on a 
substrate as the approach of the oxidation in this case, and oxidizing for a short 
time. Moreover, the approach of oxidizing may be used at low temperature, such 
as oxygen plasma oxidation. 
[0005] 



[Embodiment of the Invention] (Example 1) CMOS produced with the application 
of this invention to drawing 1 The sectional view of TFT is shown. Here, this 
drawing (a) is CMOS. The NMOS transistor section of TFT and this drawing (b) 
are the PMOS transistor sections. 

[0006] First, SiN film 102 and the a-Si film 103 were formed by the thickness of 
100nm and 10nm by PE-CVD as substrate film (protective coat) on the glass 
substrate 101, respectively. It oxidized to the oxidation silicone film completely by 
spraying the steam heated 700 degrees C on the above-mentioned a-Si film front 
face 103. Although the temperature of the a-Si film 103 rises even at 700 
degrees C, since the oxidation time amount in this case is several minutes and 
the temperature of a glass substrate 101 is 600 degrees C or less, it can oxidize 
without making glass transform. 

[0007] The ambient atmosphere containing not only a steam but 02, NO(s), N20 
and the mixed gas of 02, a hydrogen chloride and 02, and chlorine, and those 
mixed gas may be used for the gas to be used. 

[0008] After that, 50nm of a-Si film was deposited with PE-CVD method, and it 
considered as the poly-Si film (equivalent to 106,107,108) by excimer laser 
annealing. After processing this film into island shape by dry etching using a 
resist mask, gate Si02 100nm film 104 was produced by PE-CVD, and the 
150nm gate electrode 105 was formed by the spatter. In this case, by the same 
approach as the above, after 10nm oxidized the 56nm poly-Si front face, TFT in 
which 90nm of gate Si02 film 104 was formed was also produced. 
[0009] After the above-mentioned process, by P ion implantation which used the 
resist mask about the NMOS transistor section, the n+ layer 106 and the LDD 
(lightly doped drain) layer 107 were created, about the PMOS transistor section, 
the p+ layer 108 was formed by B ion implantation, and the CMOS transistor was 
produced. 

[0010] The interlayer insulation film 109 of Si02 and aluminum alloy wiring 110 
were formed with PE-CVD method after the above-mentioned TFT making 
process. After forming Si02 film 1 1 1 and SiN film 1 12 by PE-CVD as passivation 



film and forming a contact hole, the ITO (Indium Titanium Oxide) film 1 13 was 
formed as a transparent electrode, and the transistor for a liquid crystal drive and 
the CMOS transistor for circuits were completed. Then, the liquid crystal process 
was performed and the picture element part of LCD was produced. 
[001 1] When the substrate film which oxidized a-Si was used, compared with the 
case where the substrate film is formed, the ON state current of a transistor 
increased about 20 to 30% only by the PE-CVD film. Moreover, when drain 
avalanche hot hole degradation conditions estimated a life, 10% degradation life 
of the on resistance of TFT compared and the thermal oxidation film was used to 
being 104sec extent in the case of the substrate film of the PE-CVD film, single 
or more figures became long with 105 or more sees. 

[0012] Furthermore, when the gate oxide containing Si02 film which oxidized and 
formed the poly-Si front face was used, as for the life, 106 or more sees and very 
reliable TFT were obtained. Under the present circumstances, it changes into 
Si02 film which oxidized and formed the poly-Si front face, and even if it uses the 
SiN film which nitrided and formed the poly-Si front face by NH3, or the SiON film 
which oxidized further and formed that SiN film, there is the improvement 
effectiveness in TFT dependability. 

[0013] It is also possible to change into the SiN film formed with PE-CVD method 
as substrate film, and to use the film which nitrided the a-Si film by NH3 gas. In 
this case, there are few fixed charges in an SiN film, the threshold armature- 
voltage control of TFT is easy, it is powerful, and TFT to which the property was 
equal is obtained. 

(Example 2) The sectional view of CMOSTFT of other examples produced with 
the application of this invention to drawing 2 is shown. Here, this drawing (a) is 
CMOS. The NMOS transistor section of TFT and this drawing (b) are the PMOS 
transistor sections. 

[0014] First, SiN201 was formed by the thickness of 100nm by PE-CVD as 
substrate film on the glass substrate 101. spraying the steam which heated this 
SiN film front face at 700 degrees C ~ oxidizing - a front face - oxygen - it 



considered as the rich acid nitride 202. In this case, it may be the same as that of 
an example 1 that deformation does not arise in a glass substrate, and other 
oxidizing gases are sufficient as the gas to be used. 

[0015] The NMOS transistor and the PMOS transistor were produced like the 
example 1 after the above-mentioned process. When the substrate film which 
oxidized SiN was used, compared with the case where the substrate film is 
formed, the ON state current of a transistor increased about 10 to 20% only by 
PE-CVD. Moreover, when the life of 10% degradation in the on resistance of TFT 
compared and the thermal oxidation film was used to being 104sec extent in the 
case of the substrate film of the PE-CVD film, single or more figures became long 
with 105 or more sees. Moreover, like an example 1, when a part of thermal 
oxidation film of poly-Si is used for gate oxide, it is effective in a life becoming 
long further. 

(Example 3) The block diagram of the liquid crystal display produced using TFT 
produced in the examples 1 and 2 to drawing 3 is shown. LCD consists of a gate 
driver circuit 301 , a drain driver circuit 302, and the image display section 303, 
and the gate driver circuit 301 and the drain driver circuit 302 are CMOS. TFT304 
constituted. The image display section 303 formed the gate line 305 and the 
signal line 306 in the shape of a matrix. 

[0016] Above LCD showed the good engine performance, each LCD of 
especially a LCD life is 10000 hours or more, and long LCD of a life was obtained. 
[0017] 

[Effect of the Invention] As mentioned above, according to this invention, TFT 
with good substrate and semi-conductor thin film interface is producible, an initial 
property is good, reliable TFT is obtained, and long LCD of a life is obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view for explaining the TFT making process of 1 
operation of this invention. 

[Drawing 2] The sectional view for explaining the TFT making process by other 
examples of this invention. 

[Drawing 3] The circuit diagram showing the configuration of LCD. 
[Description of Notations] 

101 [ - Gate oxide, 105 / - A gate electrode, 106 / - n+ layer ] -- 102 A glass 
substrate, 201 -- An SiN film, 103 -- Si02 film, 104 which oxidized a-Si 
107 [ - aluminum alloy wiring, 111/- Passivation Si02 film, 1 12 / - A 
passivation SiN film, 1 13 / -- An ITO electrode, 202 / - Acid silicon nitride film. ] -- 
A LDD layer, 108 - p+ layer, 109 -- Si02 between layers film, 110 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 3] 
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